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Description 

DIGITAL TELEVISION RECEIVER AND 
METHOD OF RECOVERING INCOMING 
DIGITAL TELEVISION SIGNAL 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The invention relates to electronic communications, and 
more particularly, to recovering a selected channel from 
an incoming Advanced Television Systems Committee 
(ATSC) digital television (DTV) signal. 

[0003] 2. Description of the Prior Art 

[0004] Electronic communication and, in particular, techniques 
for broadcasting television video signals continue to be 
developed. Recently, the Advanced Television Systems 
Committee (ATSC) has introduced the Digital Television 
Standard. The resulting Digital Television (DTV) system 
described in the ATSC Digital Television Standard has 
ushered in a new era in television broadcasting. The im- 



pact of DTV is more significant than simply moving from 
an analog system to a digital system. Rather, DTV permits 
a level of flexibility wholly unattainable with analog 
broadcasting. An important element of this flexibility is 
the ability to expand system functions by building upon 
the technical foundations specified in ATSC standards 
such as the ATSC Digital Television Standard (A/53) and 
the Digital Audio Compression (AC-3) Standard (A/52). 
[0005] using conventional NTSC, and its PAL and SECAM counter- 
parts, the video, audio, and some limited data information 
are conveyed by modulating an RF carrier in such a way 
that a receiver of relatively simple design can decode and 
reassemble the various elements of the signal to produce 
a program consisting of video and audio, and perhaps re- 
lated data (e.g., closed captioning). As such, a complete 
program is transmitted by the broadcaster that is essen- 
tially in finished form. In the DTV system, however, addi- 
tional levels of processing are required after the receiver 
demodulates the RF signal. The receiver processes the 
digital bit stream extracted from the received signal to 
yield a collection of program elements (video, audio, and/ 
or data) that match the service(s) that the consumer se- 
lected. This selection is made using system and service 



information that is also transmitted. Audio and video are 
delivered in digitally compressed form and must be de- 
coded for presentation. 

[0006] The RF transmission subsystems used in DTV are de- 
signed specifically for terrestrial and cable applications. 
The structure is such that the video audio, and service 
multiplex/transport subsystems are useful in other appli- 
cations. In RF transmission, the channel coder takes the 
digital bit stream and adds additional information that can 
be used by the receiver to reconstruct the data from the 
received signal which, due to transmission impairments, 
may not accurately represent the transmitted signal. The 
modulation subsystem offers two modes being based on 
vestigial sideband (VBS) modulation: an 8-VSB mode for 
terrestrial broadcast, and a 16-VSB mode for high data 
rates such as cable applications. 

[0007] Fig.l shows a diagram illustrating the nominal VSB chan- 
nel occupancy of an ATSC DTV signal. The 8-VSB terres- 
trial broadcast mode is optimized for maximum service 
area and provides a data payload of 19.4 Mbps in a 6 MHz 
channel. The 16-VSB high data rate mode, which provides 
twice the data rate at the cost of reduced robustness for 
channel degradations such a noise and multipath, pro- 



vides a data payload of 38.8 Mbps in the single 6 MHz 
channel. Both modes provide a nominal DTV pilot tone lo- 
cated 310 kHz above the lower channel edge. For exam- 
ple, on channel 45 (656-662 MHz), the nominal pilot tone 
frequency is 656.310 Mhz. In a DTV transmitter, a modu- 
lation unit (or physical layer) uses digital bit stream infor- 
mation to modulate a carrier for the transmitted signal. 
The DTV receiver must recover this modulated carrier in 
order to lock to the corresponding 6MHz channel. 

[0008] pig. 2 shows a block diagram of a tuner, intermediate fre- 
quency amplifier, and FPLL in the prototype VSB receiver 
200 described in the Guide to Use of the ATSC DTV Stan- 
dard. The operation of the receiver 200 is described in 
detail on page 88 of the Guide to Use of the ATSC DTV 
Standard, 4 December 2003, and more specifically, in US 
patent No. 4,072,909, disclosed by Citta and issued on 7 
February 1978, which are included herein by reference. As 
shown in Fig. 2 and described in the above-mentioned 
documents, the prototype receiver 200 uses pilot carrier 
components in both the in-phase I and quadrature-phase 
Q baseband DTV signals for controlling carrier recovery. 

[0009] when recovering information from a selected channel, the 
synthesizer 204 generates a reference signal 206, which is 



mixed in the tuner 208 with the incoming signal S to pro- 
duce a down-converted signal 210. Theoretically, the SAW 
filter 202 has an in-band frequency range which perfectly 
corresponds with the down-converted channel occupancy 
of an ATSC DTV signal shown in Fig.l. However, in actual 
implementations, there are often differences between ref- 
erence signal frequencies. Therefore, the down-converted 
channel may be shifted and partially filtered by the SAW 
filter 202. If the DTV pilot tone located 310 kHz above the 
lower channel edge is filtered away by the SAW filter 202, 
the prototype VSB receiver 200 is unable to lock to the 
channel and recover information from the selected chan- 
nel. 

Summary of Invention 

[0010] one objective of the claimed invention is therefore to pro- 
vide a digital television receiver capable of pre-shifting a 
local oscillator signal of the tuner, to ensure a pilot tone 
of a selected channel is not filtered from the down- 
converted signal by the SAW filter and thereby solve the 
above-mentioned problem. 

[001 1] According to an exemplary embodiment of the claimed 
invention, a digital television receiver is disclosed com- 
prising a tuner for down-converting an incoming signal to 



produce a down-converted signal according to a local os- 
cillator signal corresponding to a selected channel; a filter 
coupled to the tuner for filtering the down-converted sig- 
nal to produce an intermediate frequency (IF) signal; a 
carrier recovery unit coupled to the filter for locking to a 
carrier frequency of the IF signal; and a pre-shift unit 
coupled to the tuner for shifting the local oscillator signal 
in a first direction by a predetermined first frequency shift 
in a first phase of carrier recovery, and then for shifting 
the local oscillator signal in a second direction by a sec- 
ond frequency shift in a second phase of carrier recovery. 
[0012] According to another exemplary embodiment of the 

claimed invention, a method is disclosed for recovering an 
incoming digital television signal. The method comprises 
down-converting the incoming digital television signal to 
produce an down-converted signal according to a local 
oscillator signal corresponding to a selected channel; fil- 
tering the down-converted signal to produce an interme- 
diate frequency (IF) signal; in a first phase of carrier re- 
covery, shifting the local oscillator signal in a first direc- 
tion by a predetermined first frequency shift; locking to a 
carrier frequency of the IF signal utilizing a carrier recov- 
ery unit; and in a second phase of carrier recovery, shift- 



ing the local oscillator signal in a second direction by a 

second frequency shift. 

[0013] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0014] pig.l shows a diagram illustrating the nominal VSB chan- 
nel occupancy of an ATSC DTV signal. 

[0015] Fig. 2 shows a block diagram of a tuner, intermediate fre- 
quency amplifier, and FPLL in the prototype VSB receiver 
according to the prior art. 

[0016] pig. 3 shows a digital television (DTV) receiver according to 
an exemplary embodiment of the present invention. 

[0017] Fig. 4 shows frequency shifts made by the pre-shift unit to 
the selected channel in the down-converted signal with 
respect to the fixed in-band frequency range of the SAW 
filter shown in Fig. 3. 

[0018] Fig. 5 shows a state diagram of the pre-shift controller of 

Fig. 3. 
Detailed Description 



[0019] pig. 3 shows a digital television (DTV) receiver 300 accord- 
ing to an exemplary embodiment of the present invention. 
The digital television (DTV) receiver 300 includes a tuner 
302, a carrier recovery unit 304, a channel selector 328 
and a pre-shift unit 306. The tuner includes an RF filter 
308, a mixer block 310, a local oscillator (LO) 312, and a 
surface acoustic wave (SAW) filter 314. The carrier recov- 
ery unit 304 has a phase locked loop (PLL) configuration 
and includes a phase detector (PD) 316, a low-pass filter 
(LF) 318, a voltage controlled oscillator (VCO) 320, and an 
adder 322. The pre-shift unit 306 includes a pre-shift 
controller 324 and a lock detector 326. 

[0020] a received RF signal is input to the tuner 302 and filtered 
by the RF filter 308 to produce an incoming signal S. The 
incoming signal S is mixed with a local oscillator (LO) sig- 
nal by the mixer unit 310 to generate a down-converted 
signal D. The value of the LO signal corresponds to a se- 
lected DTV channel chosen by the channel selector 328 
and a shifting signal f ps outputted by the pre-shift unit 
308, which are added together at adder 330. The down- 
converted signal D is filtered by the SAW filter 314 and the 
resulting intermediate frequency (IF) signal is passed to 
the carrier recovery unit 304. The carrier recovery unit 



304 locks to a carrier frequency of the IF signal. 

[0021] pig. 4 shows frequency shifts made by the pre-shift unit 
306 to the selected channel 400 in the down-converted 
signal D with respect to the fixed in-band frequency 
range 402 of the SAW filter 314. As shown in Fig. 4, origi- 
nally, the down-converted signal D is offset with respect 
to the in-band frequency range 402 of the SAW filter 314. 
For example, a reference frequency in a DTV transmitter 
that generated the received RF signal may be different 
than the LO signal generated by the local oscillator 312, 
and this situation could cause the selected channel 400 to 
be shifted in the down-converted signal D. This offset has 
caused the pilot tone of the selected channel 400 to be 
positioned at a position PI, which is no longer within the 
in-band frequency range 402 of the SAW filter 314. 

[0022] | n a fj rst phase of carrier recovery, the pre-shift unit 306 
outputs a value of the shifting signal f to cause the se- 
lected channel 400 in the down-converted signal D to be 
shifted by a predetermined first frequency shift f such as 
500kHz. As shown in Fig. 4, the first frequency shift f 
moves the selected channel 400 to a higher frequency and 
thereby shifts the pilot tone of the selected channel 400 
to a position P2, which is within the in-band range 402 of 



the SAW filter 3 16. Because the pilot tone of the selected 
channel 400 is no longer filtered by the SAW filter 316, 
the carrier recovery unit 304 is successfully able to use 
the pilot tone to lock to the carrier frequency of the se- 
lected channel 400. 
[0023] | n a second phase of carrier recovery, the pre-shift unit 
outputs a value of the shifting signal f to cause the se- 
lected channel 400 in the down-converted signal D to be 
shifted back by a second frequency shift f . The second 
frequency shift f positions the pilot tone of the selected 
channel 400 at a lower edge of the in-band frequency 
range 402 of the SAW filter 314, which ensures that the 
entire bandwidth of the selected channel 400 is within the 
in-band range 402 of the SAW filter 314. In this way, the 
carrier recovery unit 304 can use the pilot tone to lock to 
the carrier frequency of the selected channel 400, and the 
DTV receiver 300 can recover information of the selected 
channel 400. 

[0024] For example, in one embodiment of the present invention, 
the second frequency shift f2 is determined during the 
first phase of carrier recovery. More specifically, in the 
first phase of carrier recovery, the lock detector 326 de- 
termines whether or not the carrier recovery unit 304 has 



locked to the carrier of the IF signal. When the carrier re- 
covery unit 304 has locked to the carrier of the IF signal, 
the second frequency shift f is calculated as the differ- 
ence between a predetermined center frequency of the 
VCO 320 and the locked frequency of the VCO 320. The 
predetermined center frequency of the VCO 320 corre- 
sponds to the expected frequency of the VCO if the se- 
lected IF signal is not offset. After the second frequency 
shift f2 has been calculated, the pre-shift unit transitions 
from the first phase to the second phase of carrier recov- 
ery. 

[0025] pig. 5 shows an example state diagram of the pre-shift 
controller 324 of Fig. 3. The state diagram comprises the 
following three states: 

[0026] state 500:When a new channel is selected, the channel se- 
lector 328 outputs a control signal to the local oscillator 
312 corresponding to the selected channel, and the state 
diagram proceeds to the first phase of carrier recover at 
state 502. 

[0027] state 502:ln state 502, referred to as the first phase of 
carrier recovery, Phase 1 in Fig. 4, the pre-shift control 
unit 324 outputs the predetermined f value. This corre- 
sponds to the predetermined first frequency shift f (such 



as 500kHz) shown in Fig. 4 and results in an increase shift 
in frequency in the amount f of the down-converted sig- 
nal D going into the SAW filter 314. When the lock detec- 
tor 326 determines that the carrier recovery unit 304 has 
locked to the carrier of the IF signal, the difference of the 
predetermined center frequency of the VCO 320 and the 
currently locked frequency of the VCO 320 is passed to 
the pre-shift control unit 324 by the lock detector 306. 
The state diagram then proceeds to the second phase of 
carrier recovery at state 504. 
[0028] state 504:ln state 504, referred to as the second phase of 
carrier recovery, Phase 2 in Fig. 4, the pre-shift control 
unit 324 shifts back the predetermined f value outputted 
in state 502 by an amount corresponding to the frequency 
difference of the predetermined center frequency of the 
VCO 320 and the locked frequency of the VCO 320 passed 
to the pre-shift control unit 324 in state 502. This corre- 
sponds to the second frequency shift f shown in Fig. 4 
and results in a decrease shift in frequency in the amount 
f of the down-converted signal D going into the SAW fil- 
ter 314. When the lock detector 326 determines that the 
carrier recovery unit 304 has again locked to the carrier of 
the IF signal, the state diagram proceeds to normal opera- 



tions at state 506. In the event that lock is not achieved 

within a predetermined time (i.e., if a counter C exceeds a 

predetermined threshold C ), the state diagram re- 
Thresh 

turns to the first phase of carrier recover at state 502. 
[0029] state 506:Carrier recover is complete and the pre-shift 
controller asserts a lock indicator signal Locklnd to indi- 
cate that information recovery of the selected channel can 
begin. 

[0030] | n another embodiment of the present invention, to im- 
prove the locking time of the carrier recovery unit 304 in 
the second phase of carrier recovery, in state 504, the 
pre-shift control unit outputs a PLL adjustment signal f , 
which is buffered by a constant at buffer 332 and corre- 
sponds to the second frequency shift f . In this way, the 
locked frequency of the PLL will already be compensated 
by the amount f when the pre-shift controller enters the 
second phase of carrier recovery at state 504. Therefore, 
the carrier recovery unit 304 can maintain lock (or very 
quickly obtain lock) in the second phase of carrier recov- 
ery (state 504). As shown in Fig. 5, in this embodiment, 
the f signal is set to a predetermined value of zero in 
state 502. 

[0031] it should also be noted that other embodiments are also 



possible. For example, the channel selection operation 
performed at state 500 can be combined with the first 
phase of frequency recovery at state 502. In other words, 
the pre-shifting unit 306 can be implemented within the 
channel selection block, which includes the predetermined 
frequency shift f in the channel selection signal out- 
putted by the channel selection block. In this way, states 
500 and 502 can be combined in the first phase of carrier 
recovery. 

[0032] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



